EP 3 483 891 A1

(1 9) Europdisches

Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 3 483 891 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
15.05.2019 Bulletin 2019/20

(21) Application number: 17200590.2

(22) Date of filing: 08.11.2017

(51) IntCl.:
G16H 20/17 (2018.01) AG1M 5/172 (2006.0)
A61B 5/00 (2006.0%)

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DK EE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
MA MD

(71) Applicants:

* Roche Diabetes Care GmbH
68305 Mannheim (DE)
Designated Contracting States:
DE

* F. Hoffmann-La Roche AG
4070 Basel (CH)
Designated Contracting States:
AL ATBEBG CH CY CZDK EE ES FI FR GB GR
HRHUIEISITLILT LU LV MC MK MT NL NO PL
PT RO RS SE SI SK SM TR

(72) Inventors:

* GRINBERG, Itzhak
68305 Mannheim (DE)

¢ MUELLER-HOFFMANN, Wiebke
68305 Mannheim (DE)

« RENDSCHMIDT, Til
68305 Mannheim (DE)

¢ SCHMITZ, Andreas
68305 Mannheim (DE)

(74) Representative: Bittner, Thomas L. et al
Boehmert & Boehmert
Anwaltspartnerschaft mbB
Pettenkoferstrasse 22
80336 Miinchen (DE)

(54) METHOD FOR ADJUSTING A BOLUS AMOUNT OF INSULIN, DEVICE AND MEDICAL SYSTEM

(67)  The present disclosure refers to a method for
adjusting a bolus amount of insulin for a meal event using
a control unithaving a processing unit and a touch screen
display as well as a medical control device and a medical

10 12

\

26

16

system configured to perform the method. Additionally
the present disclosure refers to a computer program or
computer program product which when executed per-
forms the method.

/14

/18

28 30

20
24
(Q\) I 22

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 483 891 A1 2

Description

[0001] The present disclosure refers to a method for
adjusting a bolus amount of insulin for a meal event using
a control unithaving a processing unit and a touch screen
display as well as a medical control device and a medical
system configured to perform the method. Additionally
the present disclosure refers to a computer program or
computer program product which when executed per-
forms the method.

Background

[0002] Diabetes mellitus is a group of chronic metabol-
ic disorders characterized by raised blood glucose levels
and impaired carbohydrate, fat, and protein metabolism.
The insulin deficiency responsible for this disorder results
from a defect in insulin secretion or the effect of insulin
on the organism. Absolute insulin deficiency - which oc-
curs in type | diabetes-is usually caused by an auto-im-
munological destruction of insulin-producing beta cells
in the pancreas. These patients must rely on exogenous
sources of insulin. Individuals with type Il diabetes are
resistant to insulin and suffer from impaired insulin se-
cretion. Both of these disorders can occur to varying de-
grees. The exact causes of this disease are not known.
Treatment of relative insulin deficiency ranges from die-
tary modifications and oral anti-diabetics to exogenous
insulin administration.

[0003] Patients who suffer from Diabetes mellitus over
the long term and, therefore, have chronic hyperglyc-
emia, develop organ damage, impairment, and even fail-
ure. The eyes, kidneys, nerves, blood vessels, and the
heart are affected in particular. Prevention of these late
complications is the main goal of diabetes therapy. In the
most commonly used therapy today, patients are admin-
istered slow-acting insulin that covers the basal insulin
demand. They are also administered a bolus of normal
insulin or a fast-acting insulin to offset the carbohydrates
consumed during a meal.

[0004] In the art different approaches to determine a
bolus amount of insulin in connection with a meal event
are known. US2013141438 (A1) proposes to resolve
problems at the level of the risk of error in the inputting
of data on a programming screen. US2013141438 (A1)
generally discloses a system for inputting and displaying
data comprising a programming screen, data input
means and means for displaying said data on said
screen. The system also comprises a series of indicators
and means for activating said indicators which are adapt-
ed so as to activate and associate a specific indicator for
each type of data to be input.

Technical problem

[0005] The object of the presentinvention is to provide
a method, a device, a system and a computer program
product for safe adjustment or setting of a bolus amount
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of insulin for a meal event. An additional object of the
invention is to provide a method, a device, a system and
a computer program product for accurate and reliable
bolus adjustment supporting the user to reach enhanced
therapy results. A further object of the invention is to pro-
vide a method, a device, a system and a computer pro-
gram product that aids and simplifies the use of complex
bolus delivery schemes.

Summary

[0006] The invention relates to a method for adjusting
a bolus amount of insulin for or on a meal event using a
control unit having a processing unit and a touch screen
display, the method comprising the steps:

- receiving, by the processing unit, a carbohydrate
amount associated with the meal event and deter-
mining a carbohydrate based bolus amount of insu-
lin;

- outputting on the touch screen display a slider mov-
able viatouch screen gestures, wherein the process-
ing unitdetermines based on the position of the slider
a first bolus amount of insulin to be delivered imme-
diately and/or a second bolus amount of insulin to
be delivered at a later point in time, wherein the first
bolus amount of insulin and/or the second bolus
amount of insulin add up to a carbohydrate based
bolus amount of insulin;

- outputting on the touch screen display a total meal
bolus amount of insulin including the carbohydrate
based bolus amount of insulin and/or a correction
bolus, further outputting on the touch screen display
the correction bolus, the first bolus amount of insulin
to be delivered immediately as determined by the
position of the slider and a second bolus amount of
insulin to be delivered at a later point in time as de-
termined by the position of the slider.

[0007] A meal event as used herein signifies a meal
intake or an occurrence at which a patient with diabetes
eats a meal. The meal may include one meal item or
various meal items. The meal event may be character-
ized by time, size, ingredients and/or nutrient content in-
formation. In particular the meal event may be charac-
terized by the carbohydrate content or carbohydrate
amount and/or further nutrient content information. Nu-
trient content information may include any other ingredi-
ent presentinthe meal, particularly a fat content, a protein
content, a fiber content and/or a glycemic index.

[0008] Determining a carbohydrate based bolus
amount of insulin includes any determination that relates
the carbohydrates included in the meal with the corre-
sponding bolus amount of insulin. Such methods are
based on modelling the carbohydrate effect on a glucose
level and the corresponding insulin dose effect on the
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glucose level such that a patient’'s glycemic state ends
up in a target range after the meal event. Such methods
are for instance described in EP1102194A2, which is
herewith incorporated by reference. In one embodiment
the insulin dose taking effect in a certain time interval and
the portion of carbohydrates consumed that take effect
in the certain time interval may be used to determine an
extrapolated glucose concentration at the end of the cer-
tain time interval based on a glucose level measured at
the beginning of the certain time interval. The method
may further include factors like the patient’s insulin sen-
sitivity, empirical factors, such as offsets or weighting fac-
tors, insulin on board and/or the patient’s basal insulin
demand over 24 hours.

[0009] The carbohydrate based bolus amount of insu-
lin may be determined according to an insulin delivery
scheme including amount and timing of the bolus parts.
Such an insulin delivery scheme may include a bolus
amount to be delivered immediately or to be delivered at
a later point in time or both. For example the insulin de-
livery scheme may only comprise the first bolus amount
ofinsulinto be delivered immediately. In another example
the insulin delivery scheme may only comprise the sec-
ond bolus amount of insulin to be delivered at a later point
in time, e.g. after an immediate bolus amount such as a
correction bolus. In a further alternative the insulin deliv-
ery scheme may comprise both the first bolus amount of
insulin to be delivered immediately and the second bolus
amount of insulin to be delivered at a later point in time,
e.g. after the first bolus amount. Such a scheme is also
known as a dual, multiple or extended bolus. Herein a
dual bolus refers to the first bolus amount of insulin to be
delivered immediately and to one second bolus amount
ofinsulinto be delivered at one later pointin time. Multiple
bolus refers to the first bolus amount of insulin to be de-
livered immediately and to more than one discrete part(s)
of the second bolus amount of insulin to be delivered at
more than one later points in time. Extended bolus refers
to the first bolus amount of insulin to be delivered imme-
diately and to the second bolus amount of insulin to be
delivered continuously over a time range. The second
bolus amount of insulin to be delivered continuously over
a time range can be started either directly or with a delay
after the first bolus amount of insulin to be delivered im-
mediately. The timing of the delivery scheme may be set
by the user. Alternative delivery scheme timings may be
determined by the processing unit of the control unit
based on predefined delivery scheme timings stored in
a storage unit, or the delivery scheme timings may be
determined based on e.g. the glucose level, the carbo-
hydrate amount and/or nutrient meal contentinformation.
[0010] Inone embodiment device settings may be pro-
vided including delivery schemes for insulin pump devic-
es and pen devices. Here delivery schemes for insulin
pumps may include the carbohydrate based bolus
amountof insulin to be determined according to aninsulin
delivery scheme with the second bolus amount of insulin
to be delivered continuously over a time range. Delivery
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schemes for insulin pens may include the carbohydrate
based bolus amount of insulin to be determined accord-
ing to an insulin delivery scheme with the second bolus
amount to be delivered in one or more discrete parts at
one or more discrete point(s) in time after the first bolus
amount or after the meal event. Such device settings may
be set manually by the user or automatically by detecting
which type of device the control unit is connected to.
[0011] The first bolus amount of insulin to be delivered
immediately may include any bolus amount that is to be
delivered either on the meal event or in a time window
before or after a meal event that is smaller than the time
window of the second bolus amount of insulin to be de-
livered at a later point in time. Such a time window is
preferably < 30 min (minutes), most preferred < 15 min
and particularly preferred <5 min or between 1and 4 min .
[0012] The second bolus amount of insulin to be deliv-
ered at a later pointin time may include any bolus amount
thatis to be delivered in a time window after a meal event
that is larger than the time window for the immediate bo-
lus amount. Such a time window is preferably > 30 min,
most preferred > 1h (hour) and particularly preferred >
1.5 h (hour) or between 1h and 5h.

[0013] The correction bolusincludes any bolus amount
that relates to the measured glucose level preferably be-
fore a meal event. The correction bolus may relate to a
bolus amount of insulin to correct for glucose levels that
lie above the target range. In particular the correction
bolus may relate to a bolus amount of insulin to correct
for a hyperglycemic state. The target range may have an
upper and a lower limit and lie for instance in the range
of 70 mg/dl and 180 mg/dl. A hyperglycemic state may
comprise any glycemic state above the upper limit of the
target range and may lie for instance in a range above
180 mg/dl. A hypoglycemic state may comprise any gly-
cemic state below the lower limit of the target range and
may lie for instance in a range below 70 mg/dl.

[0014] The total meal bolus amount preferably in-
cludes the carbohydrate based bolus amount of insulin
and/or the correction bolus. Depending on the delivery
scheme the total meal bolus amount may include a frac-
tion of one or more types of bolus amount(s) of the de-
livery scheme. Hence the total meal bolus amount may
comprise the sum of the carbohydrate based bolus
amount of insulin and the correction bolus. In another
alternative the total meal bolus amount may comprise
only one, namely only the first bolus amount of insulin or
the second bolus amount of insulin. In yet another alter-
native the total meal bolus amount may comprise any of
the above, namely the correction bolus and the carbohy-
drate based bolus amount of insulin, which may further
include the first bolus amount of insulin and/or the second
bolus amount of insulin.

[0015] Outputting on the touch screen display the first
bolus amount of insulin to be delivered immediately as
determined by the position of the slider and a second
bolus amount of insulin to be delivered at a later point in
time as determined by the position of the slider includes
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updating the first bolus amount of insulin to be delivered
immediately and the second bolus amount of insulin to
be delivered at a later point in time, when the position of
the slider is changed by user interaction or by finger ges-
tures moving the slider. The updated first bolus amount
of insulin to be delivered immediately and second bolus
amount of insulin to be delivered at a later point in time
are instantly updated and the corresponding outputs are
displayed. Here instantly may be understood in the sense
that minimum visible delay is presenton the touch screen
display device as caused by processing times.

[0016] Inone embodimentthe method further compris-
es the step of receiving, by the control unit, an glucose
level measured via an glucose measuring unit prior to
the meal event, providing the measured glucose level to
the processing unit and determining, by the processing
unit, a correction bolus based on the glucose level meas-
ured prior tothe meal event, wherein the correction bolus,
the first bolus amount of insulin and the second bolus
amount of insulin add up to a total meal amount of insulin.
[0017] The correction bolus may be used to bring the
patient’s glucose level back into the target range before
the meal event. The correction bolus may be an amount
of insulin to be delivered immediately together with the
first bolus amount of insulin based on the carbohydrate
amount. The glucose level measured prior to the meal
event is preferably measured in a time range of e.g. < 30
min, < 20 min or < 10 min before the meal event takes
place. Based on the measured glucose level the correc-
tion bolus is calculated by using for example the patient’s
insulin sensitivity and the insulin effectiveness profile.
[0018] In a further embodiment the step of outputting
on the touch screen display further comprises outputting
the correction bolus, wherein the correction bolus is in-
dependent of the position of the slider. In such an em-
bodiment the output on the touch screen display includes
updating only the first bolus amount of insulin and the
second bolus amount of insulin, when the position of the
slider is changed by user interaction or finger gestures,
and leaving the correction bolus at a fixed amount asso-
ciated with the first amount of insulin to be delivered im-
mediately.

[0019] In a further embodiment the touch screen in-
cludes sensors, such as capacitive sensors, for detecting
finger gestures along a slider path reaching from a first
slider position to a second slider position, wherein the
first slider position is associated with the carbohydrate
based bolus amount of insulin being the first bolus
amount of insulin to be delivered immediately and the
second slider position is associated with the carbohy-
drate based bolus amount of insulin being the second
bolus amount of insulin to be delivered at a later point in
time. In particular the first and the second slider positions
are end positions of the slider path. Preferably the slider
path is a straight path from one side, e.g. the left side, of
the touch screen display to a second side, e.g. the right
side, of the touch screen display.

[0020] In a further embodiment a slider position be-
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tween the first slider position and the second slider po-
sition is associated with the first bolus amount of insulin
to be delivered immediately and the second bolus
amount of insulin to be delivered at a later point in time,
wherein the partitioning between first and second bolus
amount of insulin is determined based on the partitioning
of the slider path with the slider position between the first
slider position and the second slider position. In a further
embodiment the correction bolus is independent of the
partitioning of the slider path with the slider position be-
tween the first slider position and the second slider po-
sition.

[0021] In one embodiment the first bolus amount of
insulin to be delivered immediately and a second bolus
amount of insulin to be delivered at a later point in time
are arranged on the touch screen display in connection
with the slider. Preferably the first bolus amount of insulin
is displayed in close vicinity of the first slider position and
the second bolus amount of insulin is displayed in close
vicinity of the second slider position. Further preferably
the correction bolus is displayed in close vicinity of the
first slider position in connection with the first bolus
amount of insulin. Further preferred the correction bolus
is displayed as separate item, e.g. separate from the first
bolus amount of insulin, in vicinity to the first slider posi-
tion. In yet a further preferred embodiment the display
includes numerical numbers or percentages. In such an
embodiment the total meal bolus amount and the correc-
tion bolus may be displayed as numerical numbers and
the first and second bolus amount adjustable via the slid-
er may be displayed in percentages.

[0022] In a further embodiment further nutrient meal
content information associated with the meal eventis re-
ceived by the processing unit. In one example the car-
bohydrate amount and/or further nutrient meal content
information is determined via a food data base, e.g.
stored on a cloud sever or stored directly in storage unit
of the control unit, including an estimated carbohydrate
amount and/or further nutrient meal content information
for specific meals or meal items. In a further example the
carbohydrate amount and/or further nutrient meal con-
tent information is determined by photographic recon-
struction routines based on a photographic image of the
meal or meal items provided by a camera unit of the con-
trol unit. In such an example, the routine may include
taking a photograph, detecting meal item(s) by type, seg-
menting the photograph according to the detected meal
item(s), estimating the size and the nutrient content of
the meal item(s) based on the segmented photograph.
[0023] Inafurther embodiment on outputting the slider
the displayed position of the slider is pre-set based on
the provided carbohydrate amount and/or further nutrient
meal content information. Such pre-setting may result
from the estimation of the carbohydrate amount and/or
further nutrient meal content information via a food data
base or photographic reconstruction routines. Such es-
timation may be used to determine the carbohydrate
based bolus amount including first and second bolus
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amount and the respective delivery scheme timings.
[0024] In a further embodiment the total meal bolus
amount of insulin and the delivery scheme are commu-
nicated or send via a communication unit to an insulin
delivery system such as an insulin pump or an insulin
pen. Here the delivery scheme may include the carbo-
hydrate based bolus amount of insulin with the first bolus
amount of insulin to be delivered immediately as deter-
mined by the position of the slider and the second bolus
amount of insulin to be delivered at a later point in time
as determined by the position of the slider and/or the
correction bolus. Communication or sending may be trig-
gered automatically by the medical control device, the
control unit, the communication unit or the processing
unit e.g. through a spot monitoring measurement signi-
fying the glucose level at a single point in time or e.g.
whenever a bolus amount of insulin is determined by the
medical control device. In alternative embodiments com-
munication or sending may be triggered by the medical
control device, the control unit, the communication unit
orthe processing unitmanually by the patient via a patient
input, particularly via patient confirmation input.

[0025] Additionally the invention relates to a medical
control device for adjusting a bolus amount of insulin on
or for a meal event including a control unit having a
processing unit and a touch screen display, wherein the
system is includes

- aprocessing unit to receive a carbohydrate amount
associated with the meal event and determining a
carbohydrate based bolus amount of insulin;

- atouch screen display to output a slider movable via
touch screen gestures, wherein the processing unit
determines based on the position of the slider a first
bolus amount of insulin to be delivered immediately
and/or a second bolus amount of insulin to be deliv-
ered at a later point in time, wherein the first bolus
amount of insulin and the second bolus amount of
insulin add up to a carbohydrate based bolus amount
of insulin,

- the touch screen display to further output on the dis-
play a total meal bolus amount of insulin including
the carbohydrate based bolus amount of insulin
and/or a correction bolus, to further output the cor-
rection bolus, the first bolus amount of insulin to be
delivered immediately and a second bolus amount
of insulin to be delivered at a later point in time.

[0026] Preferably the medical control device is config-
ured to perform the method for adjusting a bolus amount
of insulin for a meal event as disclosed above. In partic-
ular the medical control device comprises a control unit
having a processing unit and a touch screen display and
is preferably configured to perform the method compris-
ing the steps:
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- receiving, by the processing unit, a carbohydrate
amount associated with the meal event and deter-
mining a carbohydrate based bolus amount of insu-
lin;

- outputting on the touch screen display a slider mov-
able viatouch screen gestures, wherein the process-
ing unitdetermines based on the position of the slider
a first bolus amount of insulin to be delivered imme-
diately and/or a second bolus amount of insulin to
be delivered at a later point in time, wherein the first
bolus amount of insulin and/or the second bolus
amount of insulin add up to a carbohydrate based
bolus amount of insulin;

- outputting on the touch screen display a total meal
bolus amount of insulin including the carbohydrate
based bolus amount of insulin and/or a correction
bolus, outputting on the touch screen display the cor-
rection bolus, the first bolus amount of insulin to be
delivered immediately as determined by the position
of the slider and a second bolus amount of insulin to
be delivered at a later point in time as determined
by the position of the slider.

[0027] Furthermore the medical control device or ele-
ments of the medical control device, such as the control
unit having a processing unit and a touch screen display,
are preferably configured to perform any method step or
any combination of method steps disclosed above in con-
nection with the method for adjusting a bolus amount of
insulin for a meal event and as set out in the appended
claims.

[0028] In one embodiment the control unit further in-
cludes a data communication unit for communication with
at least one medical device and/or a cloud server. In a
further embodiment the control unit is configured to re-
ceive an glucose level measured via an glucose meas-
uring unit prior to the meal event, to provide the measured
glucose level to the processing unit and the processing
unit is configured to determine a correction bolus based
on the glucose level measured prior to the meal event,
wherein the correction bolus, the first bolus amount of
insulin and the second bolus amount of insulin add up to
a total meal amount of insulin.

[0029] In a further embodiment the control unit is con-
figured to communicate the total meal amount of insulin,
the first bolus amount of insulin and the second bolus
amount of insulin to an insulin delivery system. Additional
information relating to the delivery scheme may also be
communicated.

[0030] Further the invention relates to a medical sys-
tem including the medical control device as set out above
in communication with a glucose measuring unit and/or
an insulin delivery system.

[0031] Preferably the medical system is configured to
perform the method for adjusting a bolus amount of in-
sulin for a meal event as disclosed above. In particular
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the medical system comprises medical control device in-
cluding a control unit having a processing unitand a touch
screen display and is preferably configured to perform
the method comprising the steps:

- receiving, by the processing unit, a carbohydrate
amount associated with the meal event and deter-
mining a carbohydrate based bolus amount of insu-
lin;

- outputting on the touch screen display a slider mov-
able viatouch screen gestures, wherein the process-
ing unitdetermines based on the position of the slider
a first bolus amount of insulin to be delivered imme-
diately and/or a second bolus amount of insulin to
be delivered at a later point in time, wherein the first
bolus amount of insulin and/or the second bolus
amount of insulin add up to a carbohydrate based
bolus amount of insulin;

- outputting on the touch screen display a total meal
bolus amount of insulin including the carbohydrate
based bolus amount of insulin and/or a correction
bolus, outputting on the touch screen display the cor-
rection bolus, the first bolus amount of insulin to be
delivered immediately as determined by the position
of the slider and the second bolus amount of insulin
to be delivered at a later point in time as determined
by the position of the slider.

[0032] Furthermore the medical system or elements of
the medical system, such the medical control device in-
cluding the control unit having a processing unit and a
touch screen display, are preferably configured to per-
form any method step or any combination of method
steps disclosed above in connection with the method for
adjusting a bolus amount of insulin for a meal event and
as set out in the appended claims.

[0033] Further the invention relates to a computer pro-
gram and a computer program product having program
code means for executing the method for adjusting a bo-
lus amount of insulin for or on a meal event as disclosed
above.

[0034] The method for adjusting a bolus amount of in-
sulin for or on a meal event as disclosed above is pref-
erably implemented as a computer program on a medical
control device of a medical system, other approaches,
of course, also being suitable. For this purpose, the com-
puter program may be stored with the aid of a storage
unit (for example, ROM, EEPROM, or the like) of the
medical control device. The method for adjusting a bolus
amountofinsulinfora meal eventis executed by process-
ing on the medical control device. The medical control
device may have a processing unit having a microproc-
essor, a programmable integrated circuit (field-program-
mable gate array (FPGA)), an application-specific inte-
grated circuit (ASIC), a digital signal processor (DSP), or
the like. The computer program may be stored on a com-
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puter-readable data carrier (diskette, CD, DVD, hard
drive, USB memory stick, memory card, or the like) oron
an internet or cloud server as a computer program prod-
uct, and from there transferred into the storage unit of
the medical control device.

[0035] Further the invention relates to a non-transitory
computer-readable data storage medium storing a com-
puter program having program codes which, when exe-
cuted on a processor of an medical control device of a
medical system, performs the method for adjusting a bo-
lus amount of insulin for a meal event as disclosed above,
the method comprising the steps of:

- receiving, by the processing unit, a carbohydrate
amount associated with the meal event and deter-
mining a carbohydrate based bolus amount of insu-
lin;

- outputting on the touch screen display a slider mov-
able viatouch screen gestures, wherein the process-
ing unitdetermines based on the position of the slider
a first bolus amount of insulin to be delivered imme-
diately and/or a second bolus amount of insulin to
be delivered at a later point in time, wherein the first
bolus amount of insulin and/or the second bolus
amount of insulin add up to a carbohydrate based
bolus amount of insulin;

- outputting on the touch screen display a total meal
bolus amount of insulin including the carbohydrate
based bolus amount of insulin and/or a correction
bolus, further outputting on the touch screen display
the correction bolus, the first bolus amount of insulin
to be delivered immediately as determined by the
position of the slider and the second bolus amount
of insulin to be delivered at a later point in time as
determined by the position of the slider.

[0036] Furthermore the non-transitory computer-read-
able data storage medium storing a computer program
having program codes which, when executed on a
processing unit of an medical control device of a medical
system, performs preferably any method step or any
combination of method steps disclosed above in connec-
tion with the method for adjusting a bolus amount of in-
sulin for a meal event and as set out in the appended
claims.

Short description of the Figures

[0037] Further optional features and embodiments will
be disclosed in more detail in the subsequent description
of embodiments, preferably in conjunction with the de-
pendent claims. Therein, the respective optional features
may be realized in an isolated fashion as well as in any
arbitrary feasible combination, as the skilled person will
realize. The scope of the invention is not restricted by
the preferred embodiments. The embodiments are sche-
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matically depicted in the Figures. Identical reference
numbers in these Figures refer to identical or functionally
comparable elements.

[0038] In the Figures:

Figure 1 shows an exemplary embodiment of a
medical system including a medical con-
trol device in communication with a glu-
cose measuring unit, an insulin pump
and an insulin pen,

Figure 2 shows one example of a time line with a
number of events around a meal event,
Figures 3a-c  show an exemplary embodiment of a
medical control device with a touch
screen display for outputting a slider for
insulin adjustment,

Figure 4 shows an exemplary flow chart for ad-
justing the bolus amount of insulin
through a slider,

Figure 5 shows a further exemplary flow chart for
outputting a pre-set slider positon for the
carbohydrate based bolus amount of in-
sulin,

Figures 6, 7 show exemplary embodiments for insu-
lin pump and insulin pen based delivery
schemes.

Detailed description of the embodiments

[0039] Figure 1 shows an exemplary embodiment of a
medical system 10 including a medical control device 12
in communication 16, 20, 24 with the glucose measuring
unit 14, the insulin pump 18, such as a patch pump di-
rectly worn on the body, or the insulin pen 22, such as a
smart insulin pen. The medical control device 12 may be
a smartphone or mobile phone. The smartphone refers
to a multifunctional mobile phone including a camera, a
network browser, a mail function, and the like as well as
the functions of a mobile phone. The medical control de-
vice 12 is not limited to a smartphone and may be any
other suitable device such as a PDA, a PC or a remote
control. The medical control device 12 includes a control
unit with a processor or processing unit 28 and a touch
screen display 26.

[0040] The communication between the medical con-
trol device 12 and the other devices 14, 18, 22 of the
medical system 12 or a cloud server 23 is established
via a communication unit 28 providing for communication
with such devices 14, 18, 22, 25 via e.g. a Bluetooth LE
™ a NFC or a WLAN unit, which performs communica-
tion using a designated protocol. Similarly the glucose
measuring unit 14, the insulin pump 18 or the insulin pen
22 include a corresponding communication unit, respec-
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tively, providing for communication with the medical con-
trol device 12 via e.g. a Bluetooth LE ™, a NFC or a
WLAN unit, which performs communication using a des-
ignated protocol. The communication may be uni- or bi-
directional depending on the data that is communicated
between the devices.

[0041] The glucose measuring unit 14 may be a con-
tinuous glucose monitor, which is configured for meas-
uring the glucose level in subcutaneous fluid. The glu-
cose measuring unit 14 may be fully or partly implantable
into subcutaneous tissue. Here the medical control de-
vice 12 may be configured to communicate with the glu-
cose measuring unit 14 by continuously receiving meas-
ured glucose levels. Hence the medical control device
12 may be enabled to use the glucose level in order to
adjust an amount of bolus or basal insulin amount de-
pending on the current glycemic status of the patient.
[0042] The glucose measuring unit 14 may be a spot
monitoring glucose meter, which is configured for meas-
uring the glucose level in a sample of blood extracted
from the patient through a lancing device. Here the med-
ical control device 12 may be configured to communicate
with the glucose measuring unit 14 by receiving meas-
ured glucose levels, which may be automatically trig-
gered through a spot monitoring measurement signifying
the glucose level at a single point in time or manually
triggered by the patient via a patient input.

[0043] The insulin pump 18 may be a patch pump,
which is directly worn on the body and configured to de-
liver basal and/or bolus amount of insulin to the patient.
Here the medical control device 12 may be configured
to communicate with the insulin pump 18 by sending a
basal and/or bolus amount of insulin to the insulin pump
18. Such sending may be automatically triggered when-
ever a bolus insulin amount or a change in the basal
insulin amount is determined by the medical control de-
vice 12. Alternatively such sending may be manually trig-
gered by the patient via a patient input such as patient
confirmation input. Hence the medical control device 12
may be enabled to control the insulin pump 18 in order
to adjust an amount of bolus or basal insulin amount de-
pending on the current glycemic status of the patient.
[0044] The insulin pen 22 may be a smart insulin pen,
which may be configured to adjust the bolus insulin
amount to be delivered to the patient. Here the medical
control device 12 may be configured to communicate with
the insulin pen 22 by sending a bolus insulin amount to
the insulin pen 22. Such sending may be automatically
triggered whenever a bolus insulin amount is determined
by the medical control device 12. Alternatively such send-
ing may be manually triggered by the patient via a patient
input such as patient confirmation input. Hence the med-
ical control device 12 may be enabled to control the in-
sulin pen 22 in order to adjust an amount of bolus insulin
amount depending on the current glycemic status of the
patient.

[0045] Figure 2 shows one example of a time line with
anumber of subsequent events around a meal event 32.
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[0046] Here the meal event 32 signifies an event, at
which the patient with diabetes eats a meal including one
or more meal items. In one scenario owing to the time it
takes for insulin to take effect the patient with diabetes
plans a meal event 32 and the bolus amount of insulin
may be adjusted prior the meal event 32. In an exemplary
scenario the patient with diabetes may measure the glu-
cose level, either via continuous monitoring or spot mon-
itoring, at time point 38. Based on such a measurement
the correction bolus 50 and based on the carbohydrate
content of the planned meal event 32 the first and second
bolus amount of insulin 44, 46 may be determined at time
point 34.

[0047] Here the first and second bolus amount of in-
sulin 44, 46 may be determined to be delivered according
to a delivery scheme 36, 36’, 36". Such schemes include
the second bolus amount of insulin 46 to be delivered at
one discrete point in time 36 after the meal event 32, the
second bolus amount of insulin 46 to be delivered atmore
than one discrete points in time 36’ after the meal event
32 or the second bolus amount of insulin 46 to be deliv-
ered continuously over a period of time 36" after the meal
event 32. The first bolus amount of insulin 44 and the
correction bolus 50 may be determined in such schemes
to be delivered immediately, for example 15 minutes be-
fore the meal event 32.

[0048] Figures 3a-c show an exemplary embodiment
of amedical control device 12 with a touch screen display
26 for outputting the slider 40 for insulin adjustment.
[0049] In the method for adjusting the bolus amount of
insulin for a meal event 32 using a control unit 12 having
a processing unit 28 and a touch screen display 30, the
processing unit 28 receives a carbohydrate amount as-
sociated with the meal event 32 and determines a car-
bohydrate based bolus amount of insulin. Following such
determination a slider 40, which is movable via touch
screen gestures, is output on the touch screen display
26. The processing unit 28 determines based on the po-
sition 42 of the slider 40 a first bolus amount of insulin
44 to be delivered immediately and/or a second bolus
amount of insulin 46 to be delivered at a later point in
time, wherein the first bolus amount of insulin 44 and/or
the second bolus amount of insulin 46 add up to a car-
bohydrate based bolus amount of insulin.

[0050] Additionally the total meal bolus amount of in-
sulin 48 including the carbohydrate based bolus amount
of insulin and/or the correction bolus 50, the correction
bolus 50, the first bolus amount of insulin 44 to be deliv-
ered immediately as determined by the position 42 of the
slider 40 and the second bolus amount of insulin 46 to
be delivered at a later point in time as determined by the
position 42 of the slider 40 are displayed on the touch
screen display 26. Furthermore, additional information
52 relating to the delivery scheme of the second bolus
amount of insulin 46 to be delivered at a later point in
time, such as the duration of the delay for the second
bolus amount of insulin 46 to be delivered at a later point
in time, the partitioning of the second bolus amount of
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insulin 46 to be delivered at a later point in time or the
profile of the second bolus amount of insulin 46 to be
delivered at a later point in time, may be displayed.
[0051] The output on the touch screen display 26 of
the first bolus amount of insulin 44 to be delivered imme-
diately as determined by the position 42 of the slider 40
and a second bolus amount of insulin 46 to be delivered
at a later point in time as determined by the position 42
of the slider 40 includes updating the first bolus amount
of insulin 42 to be delivered immediately and the second
bolus amount of insulin 46 to be delivered at a later point
in time, when the position 42 of the slider 40 is changed
by user interaction or detection of finger gestures on the
touch screen 26. The updated firstbolus amount ofinsulin
42 to be delivered immediately and a second bolus
amount of insulin 46 to be delivered at a later point in
time are instantly updated and the corresponding outputs
are displayed as numerical numbers or in percentages.
[0052] Forsuchupdatingthe touch screen mayinclude
sensors, such as capacitive sensors, for detecting finger
gestures along a slider path 54 reaching from a first slider
end position 56 to a second slider end position 58. As
shown in the exemplary embodiment of Figs. 3a and 3¢
the first slider end position 56 is associated with the car-
bohydrate based bolus amount of insulin being the first
bolus amount of insulin 44 to be delivered immediately
and the second slider end position 58 is associated with
the carbohydrate based bolus amount of insulin being
the second bolus amount of insulin 46 to be delivered at
a later point in time.

[0053] Any slider position 42 as illustrated in Fig. 3b
between the first slider end position 56 and the second
slider end position 58 is associated with the first bolus
amount of insulin 44 to be delivered immediately and the
second bolus amount of insulin 46 to be delivered at a
later point in time, wherein the partitioning between first
and second bolus amount of insulin 44, 46 is determined
based on the partitioning of the slider path 40 with the
slider position 42 between the first slider end position 56
and the second slider end position 58. Preferably the first
and second bolus amount of insulin 44, 46 are displayed
in percentages.

[0054] In addition to the carbohydrate based bolus
amount of insulin the correction bolus 50 is displayed on
the touch screen display 26. Preferably the amount as-
sociated with the correction bolus 50 is independent of
the partitioning of the slider path 54 with the slider position
42 between the first slider end position 56 and the second
slider end position 58. Thus, the correction bolus 50 is
preferably independent of the position 42 of the slider 40
and may be displayed in numerical numbers. In such a
case the updating via the slider position 42 only includes
the first bolus amount of insulin 44 and the second bolus
amount of insulin 46, when the position 42 of the slider
40 is changed by finger gestures, and leaves the correc-
tion bolus 50 at a fixed amount associated with the first
amount of insulin 44 to be delivered immediately.
[0055] Asillustratedin Figs. 3a-c the first bolus amount
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of insulin 44 to be delivered immediately and a second
bolus amount of insulin 46 to be delivered at a later point
in time are arranged on the touch screen display 26 in
connection with the respective slider end positions 56,
58 and may be displayed in percentages. Additionally
the correction bolus 50 may be displayed as separate
item, e.g. separate from the first bolus amount of insulin
44 and in vicinity to the first slider position 56 and may
be displayed as numerical number.

[0056] Figure 4 shows an exemplary flow chart 60 for
adjusting the bolus amount of insulin through a slider 40.
[0057] According to the invention the method for ad-
justing a bolus amount of insulin for a meal event 32 uses
a control unit having a processing unit 28 and a touch
screen display 26. In step 62 the processing unit 28 re-
ceives the carbohydrate amount associated with the
meal event 32 and determines a carbohydrate based bo-
lus amount of insulin.

[0058] In step 64 the slider movable via touch screen
gestures is output on the touch screen display 26, where-
in the processing unit 28 determines based on the posi-
tion 42 of the slider 40 a first bolus amount of insulin 44
to be delivered immediately and/or a second bolus
amount of insulin 46 to be delivered at a later point in
time, wherein the first bolus amount of insulin 44 and/or
the second bolus amount of insulin 46 add up to a car-
bohydrate based bolus amount of insulin.

[0059] In step 66 the total meal bolus amount of insulin
48 including the carbohydrate based bolus amount of
insulin and/or a correction bolus 50, the correction bolus
50, the first bolus amount of insulin 44 to be delivered
immediately as determined by the position 42 of the slider
40 and a second bolus amount of insulin 46 to be deliv-
ered at a later point in time as determined by the position
42 of the slider 40 are output or displayed on the touch
screen display 26.

[0060] Figure 5 shows a further exemplary flow chart
68 for outputting a pre-set slider positon 42 for the car-
bohydrate based bolus amount of insulin.

[0061] In order to more accurately predict the carbo-
hydrate based bolus amount of insulin and in particular
the partitioning between the first bolus amount of insulin
44 to be delivered immediately and a second bolus
amount of insulin 46 to be delivered at a later point in
time carbohydrate content and/or further nutrient meal
content information associated with the meal event 32
are received by the processing unit 28 in step 72.
[0062] In order to do so the preceding step 70 may
include to determine the carbohydrate amount and/or fur-
ther nutrient meal content information via a food data
base including an estimated carbohydrate amount and/or
further nutrient meal content information for specific
meals or meal items. Alternatively or additionally the car-
bohydrate amount and/or further nutrient meal content
information may be determined by photographic recon-
struction routines based on a photographic image of the
meal or meal items provided by a camera unit of the med-
ical control device 12.
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[0063] In step 74 the slider 40 may be output with the
displayed position 42 of the slider 40 being pre-set based
on the provided carbohydrate amount and/or further nu-
trient meal content information. Such pre-setting results
from the estimation of the carbohydrate amount and/or
further nutrient meal content information via a food data
base or photographic reconstruction routines and is used
to determine the carbohydrate based bolus amount in-
cluding first and second bolus amount 44, 46 and the
respective delivery scheme timings.

[0064] Figures 6 and 7 show exemplary embodiments
forinsulin pump and insulin pen based delivery schemes.
[0065] The carbohydrate based bolus amount of insu-
lin may be calculated according to an insulin delivery
scheme, examples of which are shown in Figs. 6 and 7,
where the bolus amounts are only illustrated on a time
scale schematically and without the heights having any
reference to the actual amounts.

[0066] Figs. 6a-d illustrate exemplary delivery
schemes as preferred for insulin pens 22. Such insulin
delivery schemes may include the first bolus amount of
insulin 44 to be delivered immediately and the correction
bolus 50 as shown in Fig. 6a. The example of Fig. 6b
includes the first bolus amount of insulin 44 to be deliv-
ered immediately and the correction bolus 50 to be de-
livered immediately as well as the second bolus amount
of insulin 46 to be delivered at one discrete point later in
time. The example of Fig. 6¢cincludes the correction bolus
50 to be delivered immediately as well as the second
bolus amount of insulin 46 to be delivered at one discrete
point later in time. The example of Fig. 6d includes the
first bolus amount of insulin 44 to be delivered immedi-
ately and the correction bolus 50 to be delivered imme-
diately as well as the second bolus amount of insulin 46
to be delivered in multiple parts at discrete points later in
time.

[0067] Figs. 7a-c |llustrate exemplary delivery
schemes as preferred for insulin pumps 18. Such insulin
delivery schemes may include the first bolus amount of
insulin 44 to be delivered immediately and the correction
bolus 50 to be delivered immediately as shown in Fig.
7a. The example of Fig. 7b includes the first bolus amount
of insulin 44 to be delivered immediately and the correc-
tion bolus 50 to be delivered immediately as well as the
second bolus amount of insulin 46 to be delivered con-
tinuously at a constant rate starting at a later point later
in time than the immediate bolus 44, 50. The example of
Fig. 7c includes the first bolus amount of insulin 44 to be
delivered immediately and the correction bolus 50 to be
delivered immediately as well as the second bolus
amount of insulin 46 to be delivered according to a profile,
here an exemplary linear profile, continuously starting
directly after the immediate bolus 44, 50.

Claims

1. Method for adjusting a bolus amount of insulin for a
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meal event (32) using a control unit (28, 30, 26) hav-
ing a processing unit (28) and a touch screen display
(26), the method comprising the steps:

- receiving (62), by the processing unit (28), a
carbohydrate amount associated with the meal
event (32) and determining a carbohydrate
based bolus amount of insulin;

- outputting (64) on the touch screen display (26)
a slider (40) movable via touch screen gestures,
wherein the processing unit (28) determines
based on the position (42) of the slider (40) a
first bolus amount of insulin (44) to be delivered
immediately and/or a second bolus amount of
insulin (46) to be delivered at a later pointin time,
wherein the first bolus amount of insulin (44)
and/or the second bolus amount of insulin (46)
add up to a carbohydrate based bolus amount
of insulin,

- outputting (66) on the touch screen display (26)
a total meal bolus amount of insulin (48) includ-
ing the carbohydrate based bolus amount of in-
sulin and/or a correction bolus (50), further out-
putting (66) on the touch screen display (26) the
correction bolus (50), the first bolus amount of
insulin (44) to be delivered immediately and the
second bolus amount of insulin (46) to be deliv-
ered at a later point in time.

The method of claim 1, wherein the method further
comprises the step of receiving, by the control unit
(28, 30, 26), an glucose level measured via an glu-
cose measuring unit (14) prior to the meal event (32),
providing the measured glucose level to the process-
ing unit (28) and determining, by the processing unit
(28), a correction bolus (50) based on the glucose
level measured prior to the meal event (32), wherein
the correction bolus (50), the first bolus amount of
insulin (44) and the second bolus amount of insulin
(46) add up to a total meal amount of insulin (48).

The method of claims 1 or 2, wherein the step of
outputting on the touch screen display (26) further
comprises outputting the correction bolus (50),
wherein the correction bolus (50) is independent of
the position (42) of the slider (40).

The method of claims 1 to 3, wherein further nutrient
meal content information associated with the meal
event (32) is received by the processing unit (28).

The method of claims 1 to 4, wherein the carbohy-
drate amount and/or further nutrient meal content
information is determined (70) via a food data base
including an estimated carbohydrate amount and/or
further nutrient meal content information for specific
meals or meal items.
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10

10.

1.

The method of claims 1 to 5, wherein the carbohy-
drate amount and/or further nutrient meal content
information is determined (70) by photographic re-
construction routines based on a photographic im-
age of the meal or meal items provided by a camera
unit of the control unit (28, 30, 26).

The method of claims 1 to 6, wherein on outputting
the slider (40) the displayed position (42) of the slider
(40) is pre-set based on the provided carbohydrate
amount and/or further nutrient meal content informa-
tion.

The method of claims 1 to 7, wherein the touch
screen display (26) includes sensors for detecting
finger gestures along a slider path (54) reaching from
a first slider position (56) to a second slider position
(58), wherein the first slider position (56) is associ-
ated with the carbohydrate based bolus amount of
insulin being the first bolus amount of insulin (44) to
be delivered immediately and the second slider po-
sition (58) is associated with the carbohydrate based
bolus amount of insulin being the second bolus
amount of insulin (46) to be delivered at a later point
in time.

The method of claim 8, wherein a slider position (42)
between the first slider position (56) and the second
slider position (58) is associated with the first bolus
amount of insulin (44) to be delivered immediately
and the second bolus amount of insulin (46) to be
delivered at a later point in time, wherein the parti-
tioning between first and second bolus amount of
insulin (44, 46) is determined based on the partition-
ing of the slider path (54) with the slider position (42)
between the first slider position (56) and the second
slider position (58).

The method of claims 8 or 9, wherein the correction
bolus (50) is independent of the partitioning of the
slider path (54) with the slider position (42) between
the first slider position (56) and the second slider
position (58).

A medical control device (12) for adjusting an bolus
amount of insulin on a meal event (32) including a
control unit (28, 30, 26) having a processing unit (28)
and a touch screen display (26), wherein the device
(12) includes

- a processing unit (28) to receive a carbohy-
drate amount associated with the meal event
(32) and determining a carbohydrate based bo-
lus amount of insulin;

- a touch screen display (26) to output a slider
(40) movable via touch screen gestures, where-
in the processing unit (28) determines based on
the position (42) of the slider (40) a first bolus
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13.

14.

15.
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amount of insulin (44) to be delivered immedi-
ately and/or a second bolus amount of insulin
(46) to be delivered at a later point in time,
wherein the first bolus amount of insulin (44) and
the second bolus amount of insulin (46) add up
to acarbohydrate based bolus amount of insulin,
- the touch screen display (26) to further output
on the display (26) a total meal bolus amount of
insulin (48) including the carbohydrate based
bolus amount of insulin and/or a correction bolus
(50), the touch screen display (26) to further out-
put the correction bolus (50), the first bolus
amount of insulin (44) to be delivered immedi-
ately and the second bolus amount of insulin
(46) to be delivered at a later point in time.

The medical control device according to claim 11,
wherein the control unit (28, 30, 26) includes a data
communication unit (30) for communication with at
least one medical device (14, 18, 22) and/or a cloud
server (23).

The medical control device (12) according to claim
11, wherein the control unit (28, 30, 26) is configured
to receive an glucose level measured via an glucose
measuring unit (14) prior to the meal event, to provide
the measured glucose level to the processing unit
(28) and the processing unit (28) configured to de-
termine a correction bolus (50) based on the glucose
level measured prior to the meal event (32), wherein
the correction bolus (50), the first bolus amount of
insulin (44) and the second bolus amount of insulin
(46) add up to a total meal amount of insulin.

The medical control device (12) according to claims
11 to 13, wherein the control unit (28, 30, 26) is con-
figured to communicate the total meal amount of in-
sulin (48), the first bolus amount of insulin (44) and
the second bolus amount of insulin (46) to an insulin
delivery system (18, 22).

A computer program and a computer program prod-
uct having program code means for executing the
method according to claims 1 to 10.
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